The technological systems and subsistence strategies of Middle Pleistocene hominins in South-East Europe are insufficiently understood due to the scarcity of well-preserved, excavated assemblages. In this paper, we present first results from the study of the lithic and bone artifacts unearthed at the Lower Palaeolithic site Marathousa 1 (MAR-1), Megalopolis, Greece. The context of the site represents a depositional environment close to a lakeshore, where rapid burial in a very fine-grained matrix ensured extraordinary conditions for preservation. Lithic artifacts occur in spatial and stratigraphic association with remains of the elephant Palaeoloxodon antiquus as well as other mammals. Bones, including those of elephants, show clear anthropogenic flaking scars, cut-marks and fracture patterns indicating deliberate breakage and modification by early humans. The MAR-1 lithic assemblage is composed of small-sized debitage, retouched tools, a few small and exhausted cores, as well as a large number of debris and retouch products, such as chips and resharpening flakes. Currently, there are no indications of Acheulean bifacial debitage, large cutting tools are missing, and a key aspect of the material refers to its 'microlithic' character. The scarcity of cores and primary flakes indicates a fragmented reduction sequence and complex discard patterns that require further investigation. On the basis of the on-going analysis of lithic material from three field seasons, we discuss aspects of assemblage composition and the role of raw material types, the main technological and typological traits of the industry, as well as the potential contribution of the MAR-1 assemblage in broader discussions about Middle Pleistocene lithic techno-complexes and subsistence strategies in Eurasia. Finally, we briefly present a small sample of bone artifacts, which suggest that hominin exploitation of the animal carcasses was not restricted to marrow extraction and bone processing for nutritional needs, but included also the knapping of bones, potentially with the aim of using the knapped products as tools. The MAR-1 archaeological record compares well with other important Eurasian sites yielding 'small tool assemblages', such as Ficoncella, La Polledrara, Bilzingsleben, Schöningen and Vértesszőlős, some of which, like MAR-1, have provided evidence of elephant or other mega-fauna exploitation.
Introduction
The technological spectrum, geographical patterning, socio-economic implications and evolutionary dynamics of lithic variability in the Middle Pleistocene of Europe are subjects of ongoing investigation (e.g., Barsky, 2013; Moncel and Schreve, 2016; Rocca et al., 2016) . Much of the debate revolves around the factors that influence inter-and intra-assemblage variability, as well as the spatial and temporal distribution of Acheulean versus non-Acheulean industries. After ca. 900 ka and the first appearance of the Acheulean technology, there is a scarcity of sites and a gap is observed until around 600-500 ka at sites with long sequences such as that of Atapuerca (Mosquera et al., 2016) . Diversified knapping strategies and a wide variety of technical traditions that crystallize in the early Middle Pleistocene (e.g. Goren-Inbar, 2011; Gallotti, 2016) , become fully developed particularly after 600-500 ka, when the Acheulean is well-established and the peopling of Europe gains an archaeologically visible demographic momentum, accompanied with important behavioral innovations (Roebroeks, 2006) . Alternate and orthogonal knapping, single-or multi-platform cores, discoid and centripetal flaking, as well as reduction of hierarchically organized core surfaces and prepared platforms, are documented in assemblages with and without Large Cutting Tools (LCTs); there is no exclusive pattern to either of the two modes and there are sites where both techno-complexes are found interstratified (Villa, 2001) . While the utility of the term Acheulean is being questioned , it is also becoming a wider reality that a hitherto undervalued variability in core reduction and debitage forms has been obscured under the 'Acheulean umbrella' and its emphasis on the production trajectories of LCTs (e.g., Santagata, 2016) . Assemblages without LCTs, usually referred to as 'Mode I' or core-and-flake industries, are equally diversified and often difficult to bracket into neatly defined regional groupings or traditions.
Several Eurasian Lower and Middle Palaeolithic lithic assemblages, which usually lack large bifacial implements, are characterized by blanks and tools of small sizes. The most typical and/or first examples of what is referred to as 'small tool assemblages' are known since the 1960s from sites in Central and Eastern Europe, such as Vértesszőlős (Hungary) and Bilzingsleben (Germany). Although generic names have been suggested (Vértes, 1965) , these assemblages remain ill-defined and there is no consensus about their temporal and geographic distribution (e.g. see papers in Burdukiewicz and Ronen, 2003a; Derevianko, 2006; Doronichev, 2016; Rocca, 2016a) . The 'small tools' usually have an average length between 17 and 35 mm and they should not be confused with the formally defined geometric microliths of the late Upper Palaeolithic/Late Stone Age and Mesolithic periods (Burdukiewicz and Ronen, 2003b) . Small tool assemblages usually involve small-sized river pebbles utilized as raw materials and an expedient, unprepared core reduction, with simple flaking techniques applied for the production of small blanks, and with denticulated and notched tools predominating in the tool-kits. Notwithstanding those common features, Lower Palaeolithic small-sized debitage and tools occur 1) as a component of both Acheulean (e.g., García-Medrano et al., 2014; Agam et al., 2015) and core-and-flake industries (Gallotti and Peretto, 2015) , and 2) as the dominant artifact fraction in core-and-flake assemblages (e.g., Aureli et al., 2015; Santucci et al., 2016) . There are no strong correlations between localities with small debitage and specific environmental settings or site-types, and the technological or functional purposes behind the production of small tools are debated: do they reflect raw material constraints, adaptations to particular ecological niches, functional objectives, or 'cultural traditions' at (sub)regional scales? Several of the small tool assemblages, including those from Middle Palaeolithic travertine sites (e.g., Moncel, 2003a) , occur in interglacial settings and it has been suggested that the tools were used for the working of wood, which would have been more readily available during temperate periods (Burdukiewicz and Ronen, 2003b) .
Regarding the use of the small tools, two main queries arise: what kind of activities were they used for, and whether they were handled or hafted. The question of use is especially intriguing, as several of the small tool assemblages are associated with mega-herbivore remains, some of them particularly with proboscideans. Hominin exploitation of proboscidean carcasses is well-attested in the Eurasian Middle Pleistocene, most notably at Gesher Benot Ya'aqov and Revadim, Israel (Goren-Inbar et al., 2000; Rabinovich et al., 2012) ; Aridos 2, Ambrona and Torralba, Spain (Villa et al., 2005; Yravedra et al., 2010) ; Notarchirico and Castel di Guido, Italy (Piperno and Tagliacozzo, 2001; Boschian and Saccà, 2015) ; as well as at several other sites in Spain (Yravedra et al., in press) and Italy (Santucci et al., 2016 and references therein) . At all of the aforementioned sites, the lithic assemblages include Acheulean specimens, and, except Revadim (Agam et al., 2015) , small tools are not the dominant component in the assemblages. Sites where small tools predominate in the assemblage, such as Ficoncella in Italy (Aureli et al., 2015) , have not yielded direct evidence for hominin processing of the elephant carcasses, e.g. in the form of cut-marks; however, particularly on elephant remains the scarcity or total lack of cut-marks is common (e.g. Haynes and Klimowicz, 2015) and does not in itself demonstrate the absence of possible carcass processing. At the moment, it is only at very few sites, most notably at La Polledrara di Cecanibbio (Italy), where a small tool assemblage is unequivocally associated with direct evidence for the exploitation of elephant remains (Anzidei et al., 2012; Santucci et al., 2016) .
Here we report preliminary results from the study of the lithic artifacts and bone tools that were recovered during excavation at Marathousa 1 (Megalopolis, Greece). As discussed below, the lithic assemblage involves small-sized debitage and tools, which are stratigraphically and spatially associated with remains of a partial skeleton of the elephant Palaeoloxodon antiquus. Cut-marks and anthropogenic fractures provide direct evidence for the hominin exploitation of the Palaeoloxodon carcass as well as of other elephants and mammals (Konidaris et al., in press ). As of yet, LCTs are absent and this is all the more interesting, considering that the very first report on Palaeolithic finds from Greece referred to a handaxe from Megalopolis, which was allegedly found in association with elephant bones (Lenormant, 1867) . Marathousa 1 (MAR-1) is currently the oldest-known site in Greece and one of the oldest open-air sites in the Balkans and South-East Europe (Harvati, 2016; . By examining the dynamics involved in morphological configurations and technological schemes, this ongoing study aims to illuminate the broader behavioral and socio-economic contexts, in which the hominin activities took place. Another, proximal objective is to assess how the MAR-1 knapping mode(s) compare to the broader spectrum of Middle Pleistocene lithic variability.
2. Geological setting, research background and the site of Marathousa 1
Geological setting and background of previous research
Marathousa 1 is located in the Megalopolis basin ( Fig. 1) , which periodically hosted a large lake during the Pliocene and Pleistocene (Vinken, 1965 ; for a review of the geology and research in the Megalopolis basin, see Tourloukis, 2010, pp. 110-113) . The basin's PliocenePleistocene sequence is divided into six Formations (Fm's); of particular interest to this study is the Middle Pleistocene Marathousa Member (Mb) of the Choremi Fm (Fig. 1C) . The deposits of the Marathousa Mb include detrital units of lacustrine clays, silts and sands, alternating with lignite units in a cyclic manner that is considered to be climatically-driven, reflecting cold-warm oscillations: the lignite layers likely accumulated during periods of warmer/more humid conditions and correspond to limno-telmatic environments, while the detrital units correlate to cold/dry spells and limnic conditions, when reduced vegetation promoted erosion (Van Vugt et al., 2000; Okuda et al., 2002; Siavalas et al., 2009) . The sequence of the Member involves three main lignite units, which are subdivided into individual lignite seams (Löhnert and Nowack, 1965) .
Although fossils had been collected from Megalopolis already since the beginning of the 20th century (Skuphos, 1905; Melentis, 1961) , the palaeontological and palaeoanthropological value of the basin was fully acknowledged only during the 1970s, when mines that were opened for lignite exploitation exposed numerous paleontological localities. Even though a hominin upper third molar was found as part of a surface faunal assemblage presumably deriving from the Marathousa Member and attributed to the Biharian (Sickenberg, 1975; Harvati, 2016) , Megalopolis remained neglected by palaeoanthropologists. Darlas (2003) investigated the fluvio-lacustrine deposits at a locality where in the early 1900s Skuphos unearthed several faunal remains, including specimens of Palaeoloxodon antiquus. From a total of thirty-seven lithic implements, twelve were found stratified, while the rest were surface finds. Darlas (2003) discusses several problems with the provenance of the lithics: firstly, the place that Skuphos excavated has been destroyed and it is impossible to correlate the artifact-bearing locality with the one that yielded the fossils; secondly, it is not clear whether the sediments are in a primary or secondary position; and thirdly, the lithic artifacts are too few and typologically non-diagnostic. Notwithstanding the provenience problems and the lack of chronological control, those first finds from Megalopolis demonstrated the palaeoanthropological potential of the basin.
Systematic archaeological investigations began only years later, in 2012 (Panagopoulou et al., 2015; Panagopoulou et al., 2018; Thompson et al., in press ). The directed survey (2012-2013) identified several Palaeolithic sites and find-spots and confirmed the presence of hominins in the basin during the Lower, Middle and Upper Palaeolithic (Thompson et al., in press ). The site of MAR-1 was discovered in 2013 and the material presented here derives from the 2013-2015 excavations.
The site of Marathousa 1
MAR-1 is situated at the northwestern edge of the Marathousa Mine ( Fig. 1 ) and the sequence of the site belongs to the Marathousa Mb. The MAR-1 deposits lie between Lignite Seams IIb and IIIa ( Fig. 1B and C) , at ca. 30 m below the original (pre-mining) ground surface (for the stratigraphic position of the site, the magneto-and chronostratigraphy of the Marathousa Mb see . The stratigraphy and sedimentology of MAR-1 is detailed by Karkanas et al. in press and only briefly summarized below.
The archaeological investigations at MAR-1 have focused on two Excavation Areas, A and B, which are 60 m apart; their stratigraphic units crop out and are joined laterally along a profile that connects the two Areas. This profile and the artificial tiers where the site is situated, were created by mining activities, which likely destroyed part of the original size of the site. The MAR-1 sequence is composed of two parts ( Fig. 2 ; Karkanas et al., in press ). The lower part (UA4-UA7 and UB6-UB10) includes a coarsening-upwards sequence with massive to bedded muds and sands with indications of current and wave action, and deformation features. The upper part includes organic-rich muds and interlayered to bedded sands in erosional-bounded sedimentary units, which represent mudflows and hyperconcentrated flows in fining-upwards deposits. The two parts are divided by a major erosional contact between units UA3-UA4 (Area A) and UB4-UB5 (Area B), which represents a sedimentary hiatus and subaerial exposure; the archaeological horizon is associated with this stratigraphic level and the finds lie at or close to this contact ( Fig. 2 ; Giusti et al., in press ). Overall, the MAR-1 sequence points to a low-energy, shallow-water swamp setting, punctuated by higher-energy flow processes (mudflows) at the shores of the paleo-lake and close to mudflats (Karkanas et al., in press) .
Excavation Area A has yielded a low number of artifacts, namely 4 flakes and 63 chips and debris, which were found near the remains of a partial skeleton attributed to the elephant Palaeoloxodon antiquus (for the faunal remains see Konidaris et al., in press ; for the spatial taphonomy and finds distribution see Giusti et al., in press ). The elephant remains include specimens with anthropogenic cut-marks and they are concentrated in a relatively tight cluster, in approximate anatomical association; in addition to the elephant, the faunal remains of Area A include also Hippopotamus antiquus, Cervus elaphus, Lutra simplicidens and Castor fiber.
The bulk of the lithic assemblage (N = 1105) has been recovered from Area B. Compared to Area A, the fauna of Area B shows a much higher degree of fragmentation and a higher frequency of fossils with anthropogenic fractures, percussion marks and cut-marks (Konidaris et al., in press ). Remains of Palaeoloxodon antiquus are also present here, but this Area has also provided a higher species representation than that of Area A, including Bison sp., Dama sp. and the carnivores Canis sp., Vulpes sp. and Felis sp. Carnivore gnawing is recorded on an elephant vertebra, a mandibular fragment of a fallow deer and on a cervid radius (ibid.). As in Area A, the lithic artifacts occur in stratigraphic association with the faunal remains, including elephant bones (Panagopoulou et al., 2015) .
The archaeological horizon, namely the contacts between UA3-UA4 and UB4-UB5, in Area A and B, respectively, can be followed laterally from one Area to the other and has been correlated on the basis of stratigraphic, lithological, sedimentological, geochemical and micromorphological evidence (Karkanas et al., in press ). The find-bearing sedimentary context involves dark grey, massive silty sand, rich in organics and clay intra-clasts; few, sparsely occurring fine pebbles are usually only a few millimeters in size and are mainly limestone or metamorphic rocks; considering their very low density (∼0.1%), the find-bearing sediments are virtually without rock clasts. The deposit is interpreted as representing subaerial-originated dilute mudflows and hyperconcentrated flows that were plunged into the paleo-lake margin (Karkanas et al., in press ). The finds are therefore in secondary positions and not at the original place of discard. Nonetheless, different lines of evidence, including the geological data (Karkanas et al., in press) , the spatial distribution (Giusti et al., in press) , the zooarchaeological and taphonomic results (including faunal refits; Konidaris et al., in press) , as well as the preservation condition of the lithic material (this study; see below), altogether indicate minimum transport over short distances. Rapid burial in a very fine-grained matrix ensured extraordinary conditions of preservation for even the smallest and most fragile organic remains. Thus, the site's find-list includes also eggshells, birds, reptiles, amphibians, micromammals, molluscs, insects, diatoms, sponges, phytoliths, wood, seeds, fruits and spores (Michailidis et al., 2018; Doukas et al., 2018; Field et al., 2018) .
The stratigraphic position of MAR-1 between Lignite Units II and III in the sequence of the Marathousa Mb chronologically places the site at Marine Isotope Stage (MIS) 16 according to the age-model of Van Vugt et al. (2000) , or MIS 14 according to Okuda et al. (2002) . However, a recent age-model, based on a new palaeomagnetic analysis and the study of the Marathousa Mb stratigraphy, suggests an age within MIS 12 ; this age-estimate agrees well with the first radiometric results from the application of Electron Spin Resonance (ESR) and post-infra red Infra-Red (pIRIR) luminescence dating, which altogether indicate a chronological bracketing between ca. 500 and 400 ka BP (Jacobs et al., 2018; Blackwell et al., 2016) .
Materials and methods
The lithic and osseous material reported in this study is stored at the Ephoreia of Palaeoanthropology-Speleology of Greece, in Athens.
The analysis of the MAR-1 lithic material aims to examine the reduction sequence of the assemblage and to study the morphological attributes and technological characteristics of the stone-tools, following standard terminology and concepts used in lithics analysis (Debénath and Dibble, 1994; Inizan et al., 1999; Andrefsky, 2005 Andrefsky, , 2009 Boëda, 2013) . The examination of the assemblage focuses on the transformation of artifacts during all stages in their life history, namely from the procurement of raw materials, to the production of blanks, the use of tools, the phases of tool maintenance and their final discard.
The material was studied macroscopically, using hand lenses with magnification up to 16× and only a few artifacts were examined with the use of a stereoscope (Leica M10 Stereozoom, magnification 8x-80x). A total of 1170 artifacts were measured (Length, Width, Thickness -L;W;Th, all measurements reported in millimeters), classified into typo-technological groups (cores/core fragments, flakes/flake fragments, tools/tool fragments, chips and debris) and grouped according to raw material type. 162 artifacts, of which 96% are ≥15 mm in length, were further studied in terms of typological and technological features, with recorded traits including the following: flake characteristics (type of bulb and platform, flake termination, profile shape; dorsal scar pattern); platform characteristics (width/thickness, completeness, abrasion, shape, lipping); retouch characteristics (position, distribution, extent, localization, delineation, angle, morphology); edge damage; and core traits (number of faces, striking platforms, scar count). While the study of the raw materials is in progress, recorded attributes include color, translucency, grain size, luster, fractures, veins, banding, inclusions, cleavage planes and cortex.
In accordance with the specific character of the assemblage and to facilitate comparisons with similar industries, the following classification system has been devised:
Core: a piece with more than one platform surfaces and more than one faces from which flakes where removed; removals should be at least 3 and should not essentially aim to configure the shape of the specimen or the edge angle.
Tool: a blank with secondary modification (retouch), or a piece without retouch but with a (potentially) working edge opposite a backed edge as in the case of (unretouched) backed knives.
Debris: pieces with usually more than four surfaces and blocky in shape ('chunks'), or sharp with irregular edges ('shatter'), which lack any flake traits.
Flake: specimens with typical flake characteristics (platform, bulb of percussion) > 15 mm.
Chip: flake < 15 mm. Microchip: chip < 3 mm. Natural: ecofacts (non-artifacts), in this assemblage: pebbles and pebble fragments.
Manuport: a cobble that has been brought to the site by hominins. The dimensional cut-off of 15 mm for distinguishing between flakes and chips was chosen because of the 'microlithic' character of the assemblage, following similar considerations in the study of comparable industries (Burdukiewicz and Ronen, 2003b; Aureli et al., 2016; Santucci et al., 2016) .
The excavation employs a 1 × 1 m-grid system and is conducted with the removal of 5-10 cm-spits following the stratigraphic layers (see also Giusti et al., in press; Panagopoulou et al., 2018) . All lithic artifacts (regardless of size), all teeth and bones > 2 cm are pieceplotted with a total station. The lithic finds remain unwashed for the use-wear and residue analysis that is underway. However, some of the lithic material (mainly chips and micro-chips) have been retrieved from the water-sieving, which uses a 1 mm-sized mesh.
The lithic assemblage

Preservation condition of the assemblage
The lithic artifacts are in mint condition, with very sharp edges and sharp arrises. They do not show any rounding of the ridges, neither any signs of erosion and abrasion of the surfaces, nor the battering marks that are typical of long transport by water or gravity. Consequently, it can be concluded that the lithics have not been transported over long distances or by a pebble-rich agent such as a stream. In contrast, the preservation condition of the artifacts agrees well with the interpretation of the deposit as a mudflow or hyperconcentrated flow with a very fine-grained matrix, which entrained and re-distributed the material en masse, but only locally and at short distances (Karkanas et al., in press ). Macroscopically, the lithic material as a whole exhibits only minor signs of chemical weathering, staining or indications of post-depositional alterations that are most likely caused by the chemical makeup of the surrounding sediments and by the extended amount of time the material remained buried. This overall picture agrees with the assumption that the MAR-1 archaeological record did not remain exposed to subaerial elements for any considerable time-span.
An assessment of edge damage was carried out on 135 specimens by macroscopic examination and the use of a magnifier, focusing on the location and angle of flake scars, as well as the direction of impact fractures. 65% (N = 87) of the sample showed no edge damage, while 21% (N = 28) was classified as having 'possible edge damage'. 13% (N = 18) of the sample bears traces of possible use-wear: these are relatively invasive and regularly occurring chipping scars that resemble micro-nibbling and are commonly found on the potential working edges of the tools, as suggested by technological criteria. We acknowledge the difficulty in identifying non-anthropogenic edge damage and distinguishing it macroscopically from anthropogenic use-wear traces, but this initial examination already provided a rough impression of the general condition of the assemblage. The forthcoming use-wear analysis will clarify the degree of edge damage and whether it should be attributed to trampling, sediment friction, or static loading. Notably, the sedimentary matrix of the find-bearing deposit consists of very finegrained sand without gravel-sized rocks. Research on the effects of trampling has demonstrated that edge damage and breakage are more frequent when trampling occurs on a hard and coarse-grained substratum (McBrearty et al., 1998; McPherron et al., 2014 ) -which is not the case at Marathousa 1.
Raw materials
The raw materials used, listed by the frequency of their occurrence, are red and brown radiolarite, quartz, limestone, grey flint and black flint ( Table 1 ). The bulk of the artifacts were made on red radiolarite (83.9% of the assemblage). The identification of raw material units is still in progress, but it is already evident that several specimens have been produced through the reduction of a limited number of individual nodules of red radiolarite, as indicated by certain lithological characteristics, such as the type of cortex, the orientation, color and density of banding, the type of inclusions, the translucency, luster and grain size. Currently, though, there are no refits to support this inference.
The primary sources of radiolarite occur in the Jurassic-Lower Cretaceous chert series of the Pindos tectono-sedimentary zone, located at the northwestern fringes of the basin, the closest being ca. 4-5 km away from the site. Primary outcrops of black flint are found in tabular or nodular form embedded in the Turonian-Maastrichtian limestone, which comprises the main type of bedrock and crops out mainly at the western, northern and northwestern margins of the basin (IGME Geological Map, 1997) . The higher quality grey flint often occurs in nodular form, but its primary sources are still unidentified. The sources of quartz also remain unidentified.
Where cortex is retained on the surface of the artifacts, the cortical parts indicate that radiolarite and flint were primarily obtained from secondary sources, namely pebbles and cobbles from nearby streams and rivers that were feeding the paleo-lake. The river pebbles collected by the MAR-1 hominins must have been small, judging by the size of artifacts with cortex on both proximal and distal ends, as well as the small size of the discarded cores and core fragments. A sub-spherical cobble of dark grey flint, which retains percussion marks and was likely used as a hammerstone, is 97 mm in diameter and provides a range of the size of materials that were locally available. Our own inspections of the modern stream beds confirm that the available radiolarite and flint pebbles are, as a rule, of small sizes. Exceptions to this rule are occasional radiolarite plaquettes with very flat surfaces and a type of cortex that resembles tabular/bedded raw materials found also in the modern stream beds. Radiolarites, whether in pebble or tabular form, are much more abundant than those of flint and the latter may had been harder to find and/or provisioned from locations farther away.
The radiolarite is generally of low quality regarding its mechanical properties, but exceptions to this rule do apply, because of the highly variable nature of this material. Both the red and the brown varieties are not homogeneous, they contain quartz veins and several cleavage plane fractures -factors which affect conchoidal fracturing. These raw material properties are to some degree responsible for the overall small size of the debitage and the relatively high number of chips, chunky pieces, and small flakes. In fact, as discussed below, the cleavage planes played a key role in the shaping of the blanks, to the extent that they appear in certain cases to have largely dictated the stages of the reduction sequence. That is, unless post-depositional processes like freeze-thaw are partially responsible for the breakages consistently occurring along the cleavage plane fractures, an observation that does not seem to fit the current model of the reduction sequence, but one that could nevertheless be tested by use wear and refit analyses.
Assemblage composition
The largest component of the assemblage consists of chips (63.3%, N = 741) and flakes (15.1%, N = 177); Table 2 ). Accordingly, the MAR-1 material belongs to a flake-based industry, with a ratio of four chips for every flake. Debris occupies about 10.1% of the assemblage (N = 118) and it is important to note that 99 of the 118 chunks and shatter are smaller than 15 mm. The trend towards small debitage is further emphasized by the presence of micro-chips (6.8% of the total). Cores are few in number, only 7 in total (0.6%), but tools are wellrepresented (3.6%, N = 42).
Considering that the chips were probably too small to have been used as tools (cf. Wenban-Smith, 2013, 405) , either unmodified oreven worse -after being modified by retouch (which would have reduced their size even more), then most of these can be considered essentially as 'knapping waste', although it is acknowledged that some of the largest specimens may have been utilized (cf. Barkai et al., 2010) . If we add up the chips with the micro-chips and the debris, then about 80% of the total assemblage consists of debitage and blank-shaping byproducts, namely debris, core-maintenance flakes, potential thinning flakes, re-sharpening flakes and spalls. Compared to an undisturbed flaking scatter, sites disturbed by hydraulic action tend to show a higher core:debitage ratio, higher mean debitage size, higher complete flake:flake fragment ratio, lower frequencies of Toth's type 3 and 6 flakes (Toth, 1985) and a relatively high index of dorsal cortex (Toth and Schick, 2011) . At MAR-1, the aforementioned ratios show exactly the opposite trends (e.g. very low core:debitage ratio, very low mean debitage size, high frequency of Toth's types 6, 3 and 5) and the assemblage composition is overall more similar to an undisturbed knapping episode as recorded in experimental knapping, than to a severely reworked context subject to e.g. stream-bed transport, taphonomic sorting or winnowing (Delagnes et al., 2006; Toth and Schick, 2011: Tables 4.3 and 4.4; Wenban-Smith, 2013; Bertran et al., 2012) .
The MAR-1 assemblage is also consistent with the remains of a special-purpose site, in which the knapping was oriented towards tool manufacture and maintenance. If the cut-off between chips and flakes were at 20 mm, as is usually the case in lithic analysis, then microdebitage and debris would occupy ca. 90% of the assemblage with the remaining part being ca. 7% flakes and ca. 3% tools -a composition which would match even better the structure of an undisturbed sequence, as well as that of short-lived knapping events aimed at producing, using and repairing tools.
Cores
For several specimens it is difficult to decide whether they should be considered as formal cores, shaped blanks, or tools: considering the small size of the detached flakes, the reasoning behind these removals is not straightforward: is the main goal of the knappers to produce small flakes or to shape the core as a blank for subsequent use, with or without retouch? Because of the nature of the materials (unpredictable flaking and fracture mechanics), it is not easy to distinguish between cores, core-tools or blocks discarded in various stages of a blankshaping process, in which edge modification and maintenance seem to play a significant role (see below). In total, there are three cores and four core-fragments with globular, polyhedral or amorphous shapes. One radiolarite core ( Fig. 3: 1) has three striking platforms and at least two removals from alternating surfaces, with orthogonal/alternate flaking: after one or two flake removals, the core is turned at a right angle and a previous flake scar serves as the striking platform for the detachment of the next series of removals. This specimen also exhibits traces of retouch, which suggests a secondary use as a tool. A scraper on a core-fragment ( Fig. 3: 2) provides another example of cores that were turned into tools, often (but not always) when they were exhausted and could not be further exploited. A quartz core (Fig. 3: 3) displays scars that show multifacial knapping; here, there are more than two adjacent flaking surfaces, and the exploitation of the volume is realized with parallel and multidirectional flaking. All cores were discarded after being heavily reduced and exhausted. However, their small size does not only reflect raw material consumption intensity, but also the small dimensions of the original blocks.
Debitage and tools
Flakes were the preferred blanks for the manufacture of tools. When examining debitage size by raw material and technological class (Fig. 4) , flakes have a mean length of 17.8 mm and show a clear clustering between 15 and 25 mm in length and width regardless of raw material type (Table 3) . Even though size variation is largely dependent on raw material properties, the flake size distribution suggests that the production of relatively small debitage was an inherent trait of the operative scheme. Nevertheless, further analysis and a larger sample is needed to assess whether there was an actual dimensional objective or not (see also Discussion). Considering the tools, the mean length is 28 mm and a trend for elongated artifacts is observed (Fig. 4) . The cores show a few relatively large and/or elongated removals, but it is more likely that elongated products were obtained during the earliest stages of the reduction sequence, which are generally under-represented. Some of the smaller examples likely denote tools that were originally larger and became smaller during the process of re-sharpening and retooling. When comparing the size distribution of the flakes with that of the tools, it appears that hominins selected the largest and/or most elongated pieces to use as blanks for tool manufacture. In turn, this may reflect optimization choices with regard to utility/efficiency parameters, as it has been shown that the potential for re-sharpening, i.e. the potential for extending the use life of a tool, correlates positively to flake area (Kuhn, 1994) . Interestingly, the mean thickness of the MAR-1 tools is two times greater than that of flakes (Table 3) , which possibly suggests that thin flakes were not favored as blanks for tools. Although increased thickness increases the weight and hence affects decisions related to transport costs, it also increases the durability of the edge. Thus, the MAR-1 tool-kit likely reflects economic decisions that were concerned more with extending the use-life of a tool than its portability and transport efficiency (cf. Surovell, 2011) .
In the studied sample, the frequency of lipping on the platforms is low and all evidence points to the predominant use of hard-hammer, which tends to produce higher thickness:length ratios than soft-hammer reduction. However, most of the chips and all of the microchips have not been examined for evidence of soft-hammer traits such as platform lipping and preparation, diffuse bulbs or flake curvature. The bulk of Fig. 3 . Cores (1, 3, 4) and retouched core fragment (2).
V. Tourloukis et al. Quaternary International xxx (xxxx) xxx-xxx the technological traits indicates free-hand percussion; some features suggest the possible use of the bipolar-on-anvil technique, but this possibility is not yet securely confirmed. Such features include, for example, flattish fracture surfaces and ventral faces without a bulb of percussion, as well as crushed or 'battered' platforms with cascading scars on platform edge. Crushed-like platforms appear in both flint and radiolarite specimens, suggesting that this trait relates more to a technological attribute (e.g., too much force being applied at the point of impact) than a characteristic of the raw material. Nonetheless, the fracture behavior of the raw materials, especially the radiolarite, makes it at times difficult to unmistakably distinguish between platform preparation/trimming and platform crushing.
There are only few flakes indicating rejuvenation of the striking platforms. The flintknappers preferred specific flat surfaces as striking platforms, such as cleavage planes or surfaces created by the flake scars of previous removals; when depleted, they would turn the block and switch to the next available striking surface. In particular, cleavage planes are able to control the direction and propagation of the fracture and they can also become dead-ends during core reduction: they often cannot be flaked off because the piece will brake non-conchoidally against the plane, and it is very difficult to rejuvenate this surface or to remove any adjacent convexities; then, the only remaining option is to turn the core again and exploit another core face. Cleavage planes were occasionally used as striking surfaces for blank exploitation. Some flakes with thick and triangular cross-sections, laterally worked edges or crested dorsal faces, can be considered as core rejuvenation flakes that were knapped to configure surface convexities (e.g. Fig. 5: 3, 5) . However, technical pieces are few and we cannot yet fully assess the degree of core maintenance. Nevertheless, there is limited evidence for platform preparation although several specimens show that flintknappers are often attempting to isolate the platform.
Most platforms are plain, followed by cortical, punctiform, dihedral, facetted, and those along cleavage planes (Table 4) . Most of the cortical artifacts are flakes (57%), but, interestingly, there is a relatively high number of tools with cortex (23.8%). Some standardization is evident in the platform shapes of blanks and some tools, including those with cortical platforms. This regularity in platform shape, together with the fact that 24% of tools have cortical platforms, likely indicates a technological objective. One of the operative schemes was apparently short, in the sense that some of the preferred blanks for tool manufacture were selected among the primary flakes; cortical blanks were then retouched into tools or were potentially utilized as such, as is the case with some of the backed pieces.
Flakes removed during the reduction of cores vary in dimensions and form, but without a clear pattern regarding the different raw materials (Fig. 5) ; in contrast, the same or similar technological concepts were seemingly applied to different raw materials. Resharpening chips and 'confection' flakes (cf. Aureli et al., 2016) are numerous (Fig. 6) , detached with the aim of changing the edge angle or re-sharpening the edge for further use. Retouch flakes/chips result from, e.g., the shaping of a scraper, the denticulation of an edge, the making of a notch or the blunting of the back of a tool; some have previous retouch scars on their dorsal surface. Altogether, this kind of small flakes and chips (Fig. 6 ) indicate on-site tool manufacturing and curation.
The MAR-1 toolkit is diverse, with various blank types: a blank for a tool can be, for instance, a large flake (Fig. 7: 6) ; a cortical pebble ( Fig. 7: 1) ; a broken flake knapped off a tabular block ( Fig. 7: 2); or a medial flake fragment (Fig. 7: 8) . Most of the tools (62%) have been shaped on flakes and flake fragments; debris was also used as blanks (20%), followed by cortical flakes and cores/core fragments. Tool type frequencies show that backed pieces are the most numerous, followed by notches, composite tools, retouched pieces, denticulates, scrapers, core-tools and pointed tools (Table 5) . Nevertheless, it is difficult to typologically assign the MAR-1 tool types, because some tools are heavily reduced and it appears that their morphology has changed significantly through the process of tool reduction and curation. Consequently, tools that are classified in distinct categories in Table 5 may in fact represent different stages in a trajectory of initial production, use, re-sharpening, re-use, 're-tooling', last use and final discard (for the effects of retouch intensity, see Dibble, 1995; Andrefsky, 2008) . The original size and form of the blank serves as a key constraint to the number of stages involved in such a trajectory.
Backing appears to hold a significant position in the technological scope of the MAR-1 toolkit. In this assemblage the concept of backing is morphologically not restricted only to backed knives, but is a key element of other classes, too. In this light, backed pieces (Fig. 8) are broadly defined here as specimens with a blunted edge located opposite a sharp and unretouched edge, which is considered as the potentially working edge of the artifact and may or may not exhibit macroscopic traces of possible utilization. As "the macroscopic damage is not an unequivocal indication of use and thus the presence or absence of such traces may not be particularly relevant to the definition of this type", the assignment of a specimen to this type rests principally on the morphology of the blank (blunt edge opposite a potential cutting edge), so that the tool type does not "monitor use or activity, but rather technology" (Debénath and Dibble, 1994, 54) .
Typed as a backed knife, the flake tool shown in Fig. 9 : 1 is so far the largest artifact in the entire lithic assemblage and the only debitage product with a maximum dimension greater than ∼40 mm (L:95, W:50, 
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Th:30); it is made on dark grey flint, which is fine-grained, opaque, with dull luster and occasional parallel fractures; it has a longitudinal scar on the right lateral, which is reminiscent of a Siret fracture and serves as the blunted side of the tool. The technological traits of this artifact are comparable to those observed on the smaller-sized tools and blanks, hence it conforms to the same reduction sequence, being only 'scaledup'. A typical backed knife shown in Fig. 9 : 3 exemplifies some of the recurrent features that occur in the MAR-1 industry: it shows one flat surface formed by a cleavage plane on the dorsal, it is relatively thick (12 mm), with a cortical platform and a trapezoid shape. Backing is located on the complete left lateral edge with continuous, abrupt and stepped retouch, while the entire ventral face has been worked. In general, the backed edge of a tool can be formed by: abrupt retouch (e.g. Fig. 9 : 2, 3, 5); cortex ( Fig. 8:1) , or a combination of a cortical part and retouch ( Fig. 9: 7) ; and cleavage plane fractures ( Fig. 8: 2, 3 ; Fig. 9 : 6). Backing emerges as a significant technological concept in this assemblage, which allows the distinction of the tool in two main parts. The backed part is the potentially prehensile or hafted part; it can be formed by a natural surface (cortex or cleavage plane), blunting retouch, or, in rare instances, a combination of the two, and it is shaped in the form of either two converging planes or a rectilinear edge. The other part of the tool is the 'working edge' and is located on the opposite side of the backed part; this is the potentially 'active' part and it has a shape that can be straight, sinuous or concave ( Fig. 9 ; see also Aureli et al., 2016; Rocca, 2016b ).
The reduction sequence
The MAR-1 reduction sequence is fragmented, and the bulk of the industry represents products from the distal end of the sequence. The fragmentation is reflected by the scarcity of cores and opening flakes (éclat d'entame), although this could equally be the result of information loss due to the mining operations. Alternatively, it could be interpreted as reflecting short-term and/or repeated occupations of the site by one or more hominin groups, who transported in and out of the site different classes of artifacts and in various stages of reduction, thereby creating complex transport and discard patterns that are not yet fully understood (cf. Turq et al., 2013) . Cores may have been exported and discarded off-site or may have entered the site in a more or less preflaked form ('de-cortified'), which would explain the scarcity of primary flakes. At any rate, with merely three complete cores and four core fragments included in the sample, it is not possible to fully reconstruct the chaîne opératoire and only preliminary observations can be made.
The reduction sequence is based on the exploitation of small radiolarite pebbles. The above-mentioned presence of one large flake-tool (L: 95 mm) ( Fig. 9: 1) and a possible hammerstone show that larger river pebbles or nodules from primary sources were generally available, at least in relation to the grey flint. Thus far, there is no evidence for the manufacturing of handaxes or other large cutting tools; a few specimens have removals on both faces (e.g., Fig. 7: 6, 7 ), but they do not conform Fig. 6 . Examples of small flakes (1-5) and chips (6-17), interpreted as re-sharpening, thinning and retouch products; note the different scales. 1, 3, 4, 9-12, 14-17: red radiolarite; 2: brown radiolarite, 5: black flint, 6: brown radiolarite, 7: grey flint, 8: black flint, 13: quartz. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) to the volumetric conception of bifacial shaping, which is typical of the Acheulean.
There is a consistency in the size, shape and overall morphology of the blanks and core reduction appears to be also relatively standardized, which suggests a rather narrow range of operative schemes in blank form production. The few pieces that indicate the use of tabular raw materials, such as radiolarite 'plaquettes', are reduced in the same way as those that derive from pebbles. This indicates a preference for a specific type of reduction scheme that is not significantly influenced by raw material type or form. Whereas the cortex points to pebbles as the preferred source material, knapping experiments have suggested that at this small size, sub angular pebbles are the easiest to reduce in the manner most similar to the MAR 1 assemblage.
The blanks that are commonly preferred for the making of tools are thick, often elongated, with at least one flat surface, a frequently Fig. 7 . Retouched tools. 1: scraper on pebble; 2, 5, 7, 9: composite tool, 3: denticulate; 4: notch; 6: scraper; 8: scraper (fragment). cortical platform, a central crest along the dorsal axis and quadrangular, pentangular or trapezoid shapes. Flakes, flake fragments and chunky pieces, which retain cortex and have been modified into retouched tools, indicate that the exploitation of cortical blanks may have been a deliberate objective of the reduction sequence, wherein preferred blanks for tools were selected among the initial flakes. Backing was an important stage in the formation of tools and there appears to be a focus on blanks with thick, steep edges that form the back of the tool opposite a sharp edge. On one hand, a certain degree of morphological standardization and recurrent technological features are observed; and on the other we see an intensive exploitation before discard, as for instance when an exhausted core is retouched and turned into a tool, or when a chunk or even a natural piece is used as a blank for a tool. Resharpening flakes, thinning flakes, retouch flakes and mm-sized chips and spalls, together indicate on-site tool manufacture and tool curation, re-tooling, and probably also re-shaping of blunted tools into new tool forms. Two main operative schemes can be preliminary discerned. In the first, the emphasis is placed on the shaping of a blank and the utilization of a shaped edge. In the second, the flintknapper exploits a debitage product, such as a thick flake, or a 'by-product' (as subjective as this term might be), such as a chunk, in which some or all the desired blank characteristics are already present (e.g., flattish ventral surface, central crest, thickness in width, natural back). In this latter scheme the piece is modified by retouch wherever needed, e.g. with sharpening retouch on the working edge, or blunting retouch along the backed edge; it is only in the latter case that retouch changes the shape of the blank to a noticeable degree. However, this distinction is not always straightforward, and we leave open the possibility that both technological modes might have been successively applied during a single sequence. In either case, prepared core techniques are lacking and there is little investment in predetermining blanks by means of core preparation, which in this sense indicates expedient modes of reduction.
Bone artifacts
The sample of bone artifacts is so far small yet important, as there are no other osseous artifacts reported from sites that pre-date the Upper Palaeolithic in the Greek peninsula ; however, there are several bone retouchers at the Middle Palaeolithic cave Lakonis I, Starkovich, pers. comm.; see also Tourloukis et al., 2016 for a scraper on bone from a Middle Palaeolithic cave in Mani). All of the bone specimens discussed here have been unearthed from the find horizon in Excavation Area B (unit UB4c).
Carnivore or rodent activity, animal trampling, or natural processes may produce bone marks and pseudo-artifacts that closely resemble anthropogenic modifications and real artifacts (e.g. Fisher, 1995 and references therein) . To confidently infer the agent or process responsible for the specimen or mark at question, a configurational approach is required, with a contextual and multi-stranded analysis (e.g. Sahle et al., 2017) . Further technological and taphonomic studies, experimental replication of bone artifacts, as well as new microscopic and use-wear analyses are already underway or planned for the MAR-1 modified bones, and a more comprehensive account will be presented in a separate study. Hence, the following preliminary observations should be viewed as part of a work in progress.
The carnivores represented in the MAR-1 faunal list include two mustelids, two canids (wolf and fox) and one felid (wildcat; Konidaris et al., in press ). Wolves are reported to produce, on rare occasions, flakes and flake-like fragments with ripple marks and proximal ends that mimic percussion platforms; however, such specimens usually bear gnaw damage on the bone surface and some edge rounding is commonly present on the proximal surfaces (Haynes, 1983) . In general, pseudo-retouch produced by carnivores is almost always associated with other tooth marks such as punctures, pits and scores (e.g. Morlan, 1984; Romandini et al., 2014 and references therein) . Such carnivore marks have not been identified on any of the MAR-1 specimens described here. In contrast, clear carnivore marks, including furrowing, crenellation, salivary rounding, as well as tooth-inflicted notches, have V. Tourloukis et al. Quaternary International xxx (xxxx) xxx-xxx been identified on a small number of other specimens, which are described in Konidaris et al. (in press ). A bone flake/possible tool bears morphological attributes that show a remarkable similarity with those observed on the lithics (Fig. 10: 2) . Firstly, its dimensions fall inside the size range of the MAR-1 lithics (L:27, W:16.5, Th:8). It has a trapezoid shape and a central ridge on the dorsal face along the flaking axis, similar to what is also observed on the lithic blanks. Importantly, on one edge it shows clear flake scars from secondary modification that create a denticulation. The denticulated margin is positioned opposite a rectilinear edge that is formed by the spongy part of the bone; together with the right distal, an inverse Vshape is created by the two converging planes. Accordingly, these morphological traits indicate the same basic distinction observed on the stone-tools: there is an active, 'working edge', in this case shaped by retouch, opposite to a passive, blunted edge, which is formed by a natural back (the spongy part of the bone).
The flaking that created the notches was directed from the medullary surface onto the cortical surface of the bone. The direction of flaking cannot in itself exclude carnivore activity, but carnivore gnawing usually involves the opposite direction, whereby static loading is applied on the cortical surface of the bone and creates flake scars on the inner, medullary surface; for instance, in a large tooth-notched sample generated by lions and spotted hyenas in an African free-ranging context, the latter type of notches (i.e. with flake scars on the medullary surface) were 2.5 times more common than those with scars on the cortical surface (Capaldo and Blumenshine, 1994) . On the MAR-1 specimen, the flake scars forming the denticulation are planar, with relatively broad forms and oblique angles, and the notches have arcuate or crescentic shapes in plan-view, as opposed to the perpendicular angles and circular/semi-circular shapes, which are commonly formed when the notches are produced by carnivores. This latter type of carnivore notches is attested on other bones of the MAR-1 assemblage (Konidaris et al., in press: Fig. 4 ) and their shapes and release angles are in contrast to those described above for the denticulated bone flake. Although there may be morphological convergence between carnivore notches and percussion scars, the former may closely mimic the latter mainly when hyenas are involved in the fracturing of large bone fragments (see e.g. Villa and Bartram, 1996) . Long bone fracturing mimicking anthropogenic percussion can also result from lion activity (Haynes, 1983) . Both hyena and lion were present in Megalopolis during the Middle Pleistocene (Sickenberg, 1975; Athanassiou, 2018) , but none of these species has been yet identified in the fauna of MAR-1.
The bone flake shown in Fig. 10 : 1 is relatively small (L:22, W:35, Th:10), with ripple marks on the ventral face, a punctiform platform, a pronounced bulb of percussion, a twisted profile shape and a stepped flake termination. Although it cannot be excluded that this is a product of carnivore gnawing, the co-occurrence of all flake traits indicates artificial flaking. The width of the flake is greater than its length, which is typical in the flaking of long-bone shafts (Capaldo and Blumenshine, 1994) . It is possible that the flake resulted from the percussion of bone for marrow processing; alternatively, it could belong to a bone reduction sequence that involved the production of blanks and tools, such as the above-described denticulated flake.
Finally, the assemblage includes also a diaphysis fragment of a large mammal, most likely belonging to an elephant limb bone (Fig. 10: 3) . It has a flake scar and possible cut-marks on one side, but the most notable features are the percussion marks that occur at the edge of the specimen. Clear indentations are clustered at one extremity, where there is an overlap of impact scars, and the percussion marks extend across the fractured, utilized edge. Consequently, the specimen is interpreted as a bone percussor (cf. Moigne et al., 2016; van Kolfschoten et al., 2015) . The fact that the percussion pits extend over the fractured edge indicates that the specimen was used even after the fracturing of the bone for any other possible exploitation, although it could as well have been broken during -and due to -its use as a soft hammer (see Daujeard et al., 2014 for the same conclusion about Middle Palaeolithic bone retouchers from France). Taken in combination, the available evidence (flake scar, cut-marks, percussion marks) indicate anthropogenic modification and at least one kind of use of this specimen by hominins, presumably as a bone percussor. If so, the scarcity of soft hammer traits on the lithic artifacts is hard to explain, but knapping experiments have shown that it is often difficult to distinguish between soft and hard hammer percussion on the basis of such traits (Driscoll and García-Rojas, 2014 and references therein).
In sum, anthropogenic authorship is preliminarily suggested for all the above-described specimens, on the basis of certain technological and morphological indicators. These involve the presence of classic attributes of percussion flaking on the flake (Fig. 10: 1) and denticulated flake (Fig. 10: 2) , including the shape, angle and location of the flake scars, the presence of scalar scars, and their sequential occurrence and regular distribution along the edge of the latter specimen; the presence of knapping traces (pits and scores) co-occurring with possible cut-marks and a flake-scar on the diaphysis fragment ( Fig. 10: 3) ; as well as the overall absence of typical carnivore gnawing marks. While the form, shape and location of the marks on the diaphysis fragment strongly suggest that these are percussion pits from the use of the bone as a soft hammer, the other two specimens are strikingly similar to the lithics of MAR-1, in terms of their size, as well as their morphological and technological attributes -a similarity which further supports their anthropogenic origin.
Discussion
Taphonomic remarks, operative schemes and behavioral inferences
Although the study of the site's spatial taphonomy demonstrated an autochthonous origin of the deposit, local reworking of the finds is invoked (Giusti et al., in press ). Therefore, the spatial distribution of the finds cannot be used to draw behavioral inferences in detail. In Area A, the lithic artifacts are mostly chips and small debris and they are distributed among the remains of the elephant skeleton, some of them occurring below, above or next to the elephant bones. Cut-marks on the elephant bones demonstrate that butchering activities took place, whereas the lack of cut-marks or anthropogenic fractures on remains of other species (Konidaris et al., in press) indicates that, in Area A, hominin exploitation was focused on the elephant carcass; nevertheless, the absence of cut-marks does not necessarily indicate the lack of hominin exploitation of smaller mammals in this area. The knapping conducted close to the elephant carcass most likely involved tool resharpening and repair. In contrast, the lithic artifacts in Area B cover a Fig. 10 . Bone artifacts: 1) bone flake; 2) denticulated bone flake; 3) bone percussor.
V. Tourloukis et al. Quaternary International xxx (xxxx) xxx-xxx wider spectrum of the chaîne opératoire (cores, blanks, tools, debris) and occur together with specialized bone tools, such as the bone percussor, as well as with other faunal specimens showing cut-marks, percussion damage, fractures and traces from specific carcass processing tasks, such as periosteum/fat removal and peeling (Konidaris et al., in press) . If the events represented in the two Areas were contemporaneous, it would be reasonable to assume that hominins would have opted to perform most of the necessary knapping a few tens of meters away from the decaying elephant carcass (Area B lies 60 m south of Area A). Overall, compared to Area A, Area B has yielded a much higher total number of lithic artifacts, a higher degree of bone fragmentation, hominin-processed bones and bone tools, as well as cut-marks on elephant and ungulate bones. Therefore, Area B appears to represent a location where a broader range of activities took place, including on-the-spot reduction of siliceous pebbles, which were likely introduced to the site partially de-cortified. Both Areas mainly document hominin tool use, tool maintenance and re-sharpening, which in Area A aimed at the exploitation of the elephant carcass, whereas in Area B involved the exploitation of a larger variety of large mammals and probably more diversified activities. The question of the time-depth in which such activities are framed cannot be resolved with the current resolution and we cannot assess how many temporally discontinuous events may be represented in the archaeological record. It is not unreasonable to assume that, after the first encounter with the carcass (as in the case of scavenging), hominins might have repeatedly visited the locality as long as the carrion remained edible (cf. Wenban-Smith, 2013) . Considering also the potential destruction of archaeological material due to the mining excavations, the composition of the MAR-1 assemblage does not contradict a record resulting from activities spread over a week of recurrent visits, in as much as it could equally well represent a single episode. In any case, be it a day, a week, a month, or more, this is still a 'snapshot event' for the temporal resolution of the Lower Palaeolithic in general and this site in particular. The preservation condition and arrangement of the bones (Konidaris et al., in press) ; the sedimentological, litho-stratigraphic and micromorphological analyses of the site formation processes (Karkanas et al., in press) ; as well as the study of the spatial taphonomy (Giusti et al., in press) , altogether support the conclusion that the Palaeoloxodon carcass was quickly buried -or at least it did not remain exposed long enough for carnivores or geological processes to greatly dissociate and disperse the bones. In that respect, hominin visits associated with this elephant carcass were likely limited in total number. Overall, the percentage range and the composition of the assemblage are consistent with 1) a relatively undisturbed archaeological scatter that was quickly buried and minimally reworked, and 2) a short-term, special-purpose site, at which the knapping that occurred was expedient and oriented in tool manufacture, use and maintenance.
When an assemblage is characterized as expedient, the connotations that come to one's mind relate to characteristics such as 'non-organized debitage' or 'minor technological complexity'. The MAR-1 is neither a typical expedient nor a truly curated assemblage; instead, it combines traits from both ends of this spectrum. Tool production, use and maintenance appear to have been a response to immediate needs, particularly meat processing from available carcasses, which was made possible with the procurement of raw materials from the immediate environment, used during a seemingly short duration by a putatively small group of people, as inferred by the relatively low find density. In that sense, tool production was expedient and focused on the manufacture of 'simple' or typologically informal blanks and tools, which all, however, share one important attribute: the occurrence of one or more usable edges. Core reduction focused on the production of flake blanks, which were thick and robust enough to not break easily, and at the same time retaining one or more sharp edges. Local raw materials were sufficient to fulfill such an ad hoc reduction, although it is not straightforward whether they were also abundant. Otherwise, there is no strong evidence for any sort of 'opportunistic behavior' in the sense of a response to unanticipated conditions or unfamiliarity with the physical attributes of the raw materials.
On the contrary, the consistency that we see in blank selection and tool manufacture over different kinds of raw materials indicates that the hominins were very familiar with the mechanical properties and the fracturing behavior of the radiolarite and flint pebbles. This refers to both the raw material units that were collected locally and those that they were possibly introduced to the site, the latter including rocks potentially procured from more distant locations, as could be the case with the flint pebbles, which occur only scarcely in the present nearby streams and are found at the site as heavily reduced or broken tools in a number of instances. The relative standardization in certain tool morphologies (e.g. the backed knives) reflects a structured mode of knapping, where specific technological requirements are anticipated -notably, a working edge opposite a steep and thick back-and there is some degree of planning in the selection and reduction of the blank. In this light, the assemblage involves curated-like tools, some of which probably entered the site in an advanced stage of reduction (having been knapped elsewhere), subsequently being re-sharpened and (re-) used on the spot.
If the main goal of the debitage was to obtain blanks with sharp and durable edges, as asserted here, then the radiolarite was suitable enough, notwithstanding its typical but not exclusive low quality. The MAR-1 hominins understood how to best deal with the weaknesses of the material in the course of core reduction (e.g. the cleavage planes). Our own sampling of raw materials for experimental knapping has clarified that the radiolarite is suitable for producing thick flakes with asymmetrical cross-sections and multiple adjacent surfaces. These flakes served as multi-potential blanks with one or more useable edges; some of those blanks were further modified by blunting or sharpening retouch, but others were likely utilized without any further modification. Products that most lithic analysts would identify as the 'more regular' blanks, namely (thin) flakes with all the typical flake attributes and lacking knapping accidents, appear to derive from later stages of exploitation, when flintknappers had already removed parts of the core with raw material impurities that create knapping accidents. Thus, flakes with diffuse bulbs of percussion and feather terminations are usually those with more than two dorsal flake scars, probably deriving from advanced stages of core reduction and longer sequences.
While a refitting program is in the works, the fracture mechanics of the radiolarite and the size of the debitage make it extremely difficult to assess whether some of the chips and the smaller flakes have been detached from other, parent flakes, as asserted for other sites with elephant carcasses and/or sites with a small-flake component (e.g. Wenban-Smith, 2013; Agam et al., 2015) . Thus far, cores on flakes (flaked flakes) are few in the MAR-1 sample. As appropriately stated for the lithic assemblage at the site of Ebbsfleet, "one of the problems in interpretation was to try and distinguish between chunky flake-tools and small cores on flakes or waste debitage" (Wenban-Smith, 2013, 396) . Evidence of prepared cores and associated techniques is lacking and the use of flakes as cores is scarce in the MAR-1 assemblage; hence, it is not possible to assess if some of the small flakes were deliberately produced following the argumentation proposed by Dibble and McPherron (2006) . The interpretation adopted here is that the preponderance of small flakes at MAR-1 relates principally, but likely not exclusively, to a strong focus on modifying blanks and on creating and re-sharpening tool edges or maintaining desired edge angles; notably, these technical choices are practiced on specimens produced from cores that, as a rule, were small from the start. To some degree, the combined effects of raw-material size and reduction intensity could account for the overall 'microlithic' character of the assemblage. On the other hand, a single tool on a large flake (Fig. 9: 1) and a relatively large hammerstone, suggest that large(r) raw materials were not unavailable, forcing us to leave open the possibility that small blank size might have been an objective in itself. The MAR-1 hominins apparently invested the least possible time and energy for the procurement and reduction of middle-to-large-sized raw materials. Alternatively, it can also be assumed that some of the larger-sized and better-quality raw materials such as the grey flint may have been imported at the site at higher frequencies than those inferred from the archaeological assemblage, but they were subsequently heavily reduced, and/or any remaining large flakes were curated and exported off-site, as has been suggested for Vértesszőlős (Fluck and McNabb, 2007) .
A discussion of intentionality in lithic production, in the sense of what constitutes an 'end product' versus a 'by-product', is beyond the scope of this work (see Dibble et al., 2016) . Nevertheless, for several Lower and Middle Palaeolithic sites with small tool assemblages there is evidence that the size of the debitage might have been a matter of 'choice' -as (in)visible as this term is in lithic analysis -and not the result of raw material size or other constraints (e.g. Moncel, 2003a; Burdukiewicz and Ronen, 2003a; Fluck, 2011; Gallotti and Peretto, 2015; Aureli et al., 2016; Borel et al., 2017) . 'Deliberately' produced or not, small blanks predominate also in assemblages where larger raw materials are present and in use, as for instance in Bilzingsleben, which includes also bifacially-retouched tools and a bone biface (Brühl, 2003) . In the levels with the earliest Acheulean at Galería (Atapuerca), small tools are two to six times more numerous than 'large tools', namely handaxes and cleavers, and even though cobbles as large as 170 mm were present, their exploitation was mainly focused on the production of thick and small flakes (García-Medrano et al., 2014) . Consequently, MAR-1 is certainly not an exception regarding the evidence for a fragmented reduction sequence that, at some point in time and space, involved large(r) cores, and as regards the assumption that the larger flakes/tools from such a sequence could have been imported to or exported from the site as curated specimens.
At MAR-1, the small-sized debitage appears to be the result of a) tool retouching and resharpening, b) blank shaping (although not by means of the bifacial volumetric concept), and c) reduction of smallsized cores. From a cost/benefit perspective (Torrence, 2002) , it seems that there were instances where producing a few new simple flakes was preferred over extending the use-life of an existing tool by retouching it, whereas in other occasions (for other tasks?) retouching was opted for modifying edge angles or re-sharpening a blunted edge. Altogether, the evidence from MAR-1 indicates that the size of the debitage probably reflects multiple trajectories and 'knapping intentions', which are not mutually exclusive: as Hiscock puts it (comment on Dibble and McPherron, 2006, 789) , "small-flake production may have created tool edges in one situation, prepared core morphologies in another, flakes for use as tools in a third, or all of these in another".
The MAR-1 cultural material in broader context
Sites comparable to MAR-1 are lacking in Greece and the Balkan Peninsula (Harvati et al., 2009; Tourloukis and Karkanas, 2012; Panagopoulou et al., 2018) . Geographically, the closest parallels from Lower Palaeolithic lakeside or fluvio-lacustrine settings are found at the Italian sites of Ficoncella (Aureli et al., 2015 , La Polledrara (Anzidei et al., 2012; Santucci et al., 2016) and Isernia (Gallotti and Peretto, 2015) , which have yielded lithics associated with elephant remains. Strong similarities are also observed when comparing the MAR-1 material with small tool assemblages from Central and Eastern Europe, such as those from Bilzingsleben (Brühl, 2003; Pasda, 2012) , Vértesszőlős I (Kretzoi and Vértes, 1965) and Schöningen (Thieme, 2003; Serangeli and Conard, 2015) , or some of the Middle Palaeolithic travertine sites, such as Tata (Moncel, 2003b; Borel et al., 2017) . Striking resemblances are found at the site of Ebbsfleet, in terms of site context, assemblage composition, debitage size and the overall appearance of the tool-kit (Wenban-Smith, 2013) . Similar to the MAR-1, the lithic industries at most of the Italian and central European sites are made primarily on small river pebbles, and the average blank and tool size is between 20 and 30 mm: for instance, 80% of the flakes are < 21 mm at Bilzingsleben and average length of retouched tools is 25 mm (Brühl, 2003) ; mean flake length is 24 mm at Vértesszőlős regardless of raw material type (Kretzoi and Vértes, 1965; Fluck, 2011) . As at MAR-1, the bulk of the lithic assemblage at Ficoncella, Polledrara, Schöningen, Bilzingsleben and Vér-tesszőlős consists of small flakes and debris (50-90%); cores are few in number, small, amorphous or polyhedral and usually show alternate or multi-directional flaking from unprepared striking platforms, while there is no evidence of the bipolar technique. Pebble-tools like those from Vértesszőlős or the Taubachian industries (see Moncel, 2003a and references therein) are so far scarce at MAR-1 (e.g., Fig. 7: 1) . Moreover, the latter lacks discoid cores, such as those found at Isernia (Gallotti and Peretto, 2015) , Bilzingsleben (Brühl, 2003) , or Arago ('P' levels), where discoidal flaking was used to produce small and thin flakes (Barsky and de Lumley, 2010) . Regardless of the core reduction method, flakes, flake fragments and irregular waste are, at most of those sites, common types of blanks used for a toolkit that is typically dominated by denticulates, notches, pointed and composite tools. At both MAR-1 and Ficoncella, there appears to be a selection of blanks for the manufacturing of tools according to certain technological criteria, notably the thickness of the blank, a flat surface opposing a convex face, and a back (Aureli et al., 2015; Rocca et al., 2016 ). An emphasis on backed tools, as observed at MAR-1, is found also at Bilzingsleben, where "the majority of tools are backed" and backed notches, denticulates and scraper-like tools are present alongside backed knives and Keilmesser-type tools (Brühl, 2003, 50 and Figs. 2, 4 and 6) . Affinities extend to the (much younger) site of Tata, where most flakes show one or two backs opposite a sharp edge and the production of backed tools may be associated with an interest in obtaining asymmetrical products (Borel et al., 2017) . Finally, reference should be made to the similarities of the MAR-1 material with the lithic assemblages from the site of Schöningen . At both sites, the earlier stages of the chaîne opératoire are missing (cores and cortical flakes are few), knapping sequences were short and involved chiefly the production and maintenance of tools, which were manufactured on diverse blanks, namely mostly flakes with unprepared platforms, but also flake fragments, debris and natural pieces; some of the retouched tools appear to have been imported to the site in finished form; and at Schö-ningen use-wear has been identified not only on retouched tools but also on simple, unmodified flakes Rots et al., 2015) .
All the aforementioned sites document hominin exploitation of mega-herbivore carcasses and some have yielded osseous artifacts in varying frequencies. The MAR-1 bone percussor, a diaphysis fragment of probably an elephant limb bone, is reminiscent of the percussors from Schöningen (where mostly limb bones were selected for use as knapping tools; Van Kolfschoten et al., 2015) , as well as bone artifacts from other Middle Pleistocene contexts (Rosell et al., 2015) . Bone and antler percussors/retouchers are generally scarce in the Lower Palaeolithic and the first occurrences in Europe are found at Boxgrove (MIS 13; Pitts and Roberts, 1997) and Caune de l'Arago (MIS 12; Moigne, 1996) ; in this regard, the MAR-1 specimen could be among the oldest known European examples (Moigne et al., 2016) . This is significant, because the appearance of bone percussors/retouchers is thought to be part of new behavioral signatures, which mark the emergence of the Middle Palaeolithic from MIS 9 onwards (Moncel et al., 2012) . To our knowledge, Marathousa 1 is the first open-air site in south-eastern Europe and the southern Balkans in which bone tools were recovered from a geologically undisturbed Lower Palaeolithic context.
Conclusions
Although a palimpsest character in the assemblage is reasonable to expect as a result of possible repeated hominin visits (e.g. over the timespan that faunal remains were accessible and edible), there are no indications of a significantly mixed assemblage. The mint preservation of the artifacts, the composition of the assemblage and the consistency that it presents in terms of raw material characteristics, typology and technology, indicate relatively undisturbed remains of knapping events that took place in the immediate vicinity and close to elephant and other carcasses; the assemblage was quickly buried and transported en masse at a short distance by a mudflow, which only locally re-arranged and dispersed the material.
The high number of knapping debris indicates on-site working of stone, but the scarcity of cores and primary flakes underscores the spatial and/or temporal segmentation of knapping activities, notwithstanding the bias of information loss due to the mining activities. Knapping apparently aimed at producing blanks that would have been suitable primarily for cutting, but potentially also for other tasks. Tool use, rejuvenation, curation and re-shaping are the activities that yielded the strongest archaeological signal. The use of small pebbles and smallsized blanks and their reduction with precise blows, as well as the exploitation of raw material weaknesses and the application of similar techno-concepts on different raw materials, altogether indicate flintknappers with good working knowledge of the raw materials and capable of fulfilling specific morpho-functional objectives by exploiting multi-potential blanks.
The small size of the debitage appears to be the result of different but often interwoven processes, particularly those occurring between a technological adaptation to raw material constraints (size and abundance of raw materials) and a deliberate investment on small-sized (rather than large) blocks of raw material. The chiefly expedient character of the reduction schemes, the technological traits and the morphological attributes of the lithic industry show similarities with assemblages from sites in Central Europe (Vértesszőlős, Bilzingsleben, Schöningen), as well as sites in Italy, most notably Ficoncella and La Polledrara, where the lithics are associated with remains of Palaeoloxodon antiquus. Preliminary results presented in this study indicate that the lithic system at MAR-1 parallels those from several Lower Palaeolithic sites, which do not squarely conform to a 'Mode I vs. Mode II' dichotomy and open-up new questions on the methodological boundaries between the façonnage and debitage concepts .
Alongside the lithic material, bones were used at MAR-1 both as blanks configured into 'tools', as is the case with a denticulate on a bone flake, and as tools for the modification of other blanks and tools, as is the case with the bone retoucher. The latter aside, bone artifacts fall inside the size range of the lithic industry and follow similar morphological and technological concepts as those identified for the lithic specimens. Importantly, the osseous material from MAR-1 demonstrates that the exploitation of the carcasses was not restricted only to marrow extraction and bone processing for nutritional needs. These findings constitute important evidence from an area of Europe where very little -if anything-is known about the production and use of organic technology during times pre-dating the Middle Palaeolithic.
In sum, the cultural material from Marathousa 1 contributes new data on the variability and diversity of technological systems in the Middle Pleistocene of Eurasia and their association with hominin subsistence strategies. While the refinement of the site's age by additional, independent lines of chronological evidence remains a priority, it will be interesting to see how the Marathousa 1 archaeological record compares with other Eurasian sites, at a time when early Neanderthals and/or their ancestors were on track for establishing a successful colonization of the Old World.
